BACKGROUND Despite various national recommendations advising individuals to reduce their exposure to ultraviolet radiation, many people still do not use these skin cancer prevention strategies.
N onmelanoma skin cancer (NMSC), which includes squamous cell carcinoma (SCC) and basal cell carcinoma (BCC), is the most common cancer in the United States, with more than 3.5 million estimated cases diagnosed annually. 1 Known risk factors for NMSC include age, skin type, chronic wounds, prior radiation, ultraviolet (UV) radiation, and immunosuppression. 2 Public health efforts, including those from the American Board of Dermatology and the U.S. Department of Health and Human Services, have focused on increasing the use of protective strategies to reduce exposure to UV radiation, a major risk factor for NMSC in healthy and immunosuppressed individuals. Publicized strategies include appropriate use of sunscreens, avoidance of UV exposure by seeking shade, staying indoors during the hours of peak UV radiation, and wearing protective clothing. 3 Adherence to these recommendations has been disappointingly low. Prior studies showed that only 41% of women and 22% of men used sunscreen in 1992. 4 More than 10 years later, despite increasing efforts by the primary care and dermatologic medical communities to improve education and adherence, almost 50% of Americans still reported rare or no use of sunscreens. 5 Identified barriers include lack of knowledge, misconceptions regarding personal risks of NMSC, difficulty in initiating behavioral changes, and socioeconomic factors such as time and costs. Some of these barriers have been addressed on a small scale in prior studies that used intensive and repetitive written instructions, personalized risk assessment and recommendations, and daily reminders through electronic text messaging, 6 but these proposed strategies produced modest effects or are difficult to implement on a large-scale basis.
Of even more pressing concern is the low rate of UV radiation protective strategies among the immunosuppressed population, such as patients with organ transplantation, chronic immunosuppressive therapy, chemotherapy, leukemia, lymphoma, and HIV. It is well established that organ transplant recipients (OTRs) have more than 60 times the risk of developing SCC and more than 10 times the risk of developing BCC as the general population. [7] [8] [9] Moreover, these SCCs are more aggressive, with greater rates of recurrence and metastasis. [10] [11] [12] OTRs with long-term immunosuppression develop SCC 20 to 30 years earlier and have a higher rate of metastasis than individuals who are not immunosuppressed. 13 Patients with leukemia and lymphoma have a greater predilection for more-aggressive SCCs, with more recurrences and larger tumor size despite treatment. 14 Because of longer survival with current medication regimens, SCCs are also increasing in patients with advanced HIV infection. HIV-positive patients were found to have twice the incidence of NMSC as HIV-negative individuals, which is attributed to their higher rates of activities that increase the risk of developing skin cancer, including prolonged recreational sun exposure and the use of tanning beds. 15, 16 It has been shown that solar and artificial UV exposure increases the risk of skin cancer already increased by immunosuppression. 17 Thus, reducing UV radiation is of importance in the primary and secondary prevention of NMSC development in these patients. Given that they have more-frequent contact with healthcare providers and higher disease burden, which adversely affects overall quality of life, one would surmise that the immunocompromised patients would be more cognizant of their skin cancer risks and have higher rates of use of recommended sun protective strategies. However, several studies in North America and Europe have indicated that this is not the case. For instance, a majority of OTRs did not find their risk of skin cancer to be an important problem. 18 Being diagnosed with NMSCs did not significantly improve the rate of sun protection in OTRs, and more than 60% of OTRs did not apply any sunscreen. 19 These data demand further studies to gain a better understanding of the major factors that influence sun-protective behavior in patients with NMSC.
We conducted a detailed face-to-face survey-based study with patients with NMSC undergoing Mohs surgery at a university academic center. The study comprehensively assessed patients' knowledge of sun-protective strategies, their sources of medical information, barriers encountered while trying to implement some of these strategies, and overall rate of use. Subgroup analysis compared important outcomes between immunosuppressed individuals and individuals with NMSC with normal immune systems. The data offer insight into specific measures that can be undertaken to improve patient education and adherence to the recommended sun-protective strategies.
Materials and Methods
Our survey-based, descriptive, prospective study was performed at the Dermatologic and Mohs Surgery Center of University of California at San Diego (UCSD) Medical Center. This study was funded through The Medical Student Training in Aging Research Program through the National Institute on Aging and was exempted by the UCSD Institutional Review Board.
All patients scheduled for Mohs surgery were approached after the first stage of Mohs excision while waiting for the histology to be processed in the Mohs laboratory. An information sheet outlining the purpose of the study and a consent form were provided; no identifiable signature was requested on the consent form. If a patient agreed to participate, a 20-minute face-to-face interview with a single interviewer was conducted in the office. The preset survey consisted of 26 questions organized into four categories: demographic characteristics, knowledge of skin cancer risk factors, knowledge of preventative strategies, and barriers to using prevention strategies. All 140 participants approached completed the survey. We did not have access to any of the participants' medical records; all data gathered was from the patients directly. There was no monetary reward for participation in this study. Data were analyzed using percentages and estimated 95% confidence intervals (CIs).
Results

Demographics
Immunocompromised state was described as a participant having an organ transplant; undergoing chronic immunosuppressive therapy or chemotherapy; or having a diagnosis of leukemia, lymphoma, or HIV. One hundred five (75%) of the participants identified themselves as healthy, and 35 (25%) identified themselves as immunocompromised based on the definition above. Thirteen participants were OTRs, 16 were undergoing chemotherapy treatment as non-OTRs, and six were HIV positive. Immunosuppression status was not subsequently verified through chart review. Seventy percent (n = 98) of responders were male, and 30% (n = 42) were female. Mean participant age was 65 years (range 36-96) in the healthy group and 62 years (range 32-78) in the immunocompromised group, with 44% of the healthy participants being aged 70 and older. Previous history of NMSC was seen in 63% of immunocompromised and 55% of healthy participants. Forty percent of healthy and 51% of immunocompromised participants had an occupation involving at least 1 hour of outdoor activities per day ( Table 1) .
Knowledge of Protective Strategies
The major sources of knowledge regarding skin cancer prevention strategies were the media and physicians. Approximately half of the healthy patients cited both sources, whereas immunosuppressed participants quoted their doctor as the most common source of knowledge. Additional sources of information included education and family, which had similar predominance in both participant groups ( Table 2) .
When questioned regarding specific skin cancer preventive strategies, more than 70% of participants in both groups cited use of sunscreens, making it the most well-known strategy among those that the survey addressed. Thirty to 40% of participants cited the use of hats and protective clothing and limiting sun exposure. Staying indoors during the peak sun hours and limiting artificial UV exposure were the least-described protective strategies in both groups (10% and <1%, respectively). Sixty-one percent of healthy (n = 64) and 66% of immunocompromised (n = 23) participants were able to name at least two skin-protective strategies. Sixty-eight percent of healthy and 80% of immunocompromised answered "yes" to being able to identify a cancerous skin lesion on their body ( Table 3) .
Use of Protective Strategies
Overall, the most commonly used skin cancer preventive strategy was found to be wearing a hat while outside, and the least used strategy was sunscreen. Of participants who specifically mentioned wearing a hat as a viable skin protective method, 84% (95% CI = 73-95%) of healthy and 75% (95% CI = 51-100%) of immunocompromised participants reported daily current usage. Hat use was twice as popular as wearing sunscreen in both groups. The healthy and immunocompromised groups had a similar prevalence of sunscreen use.
Of participants who mentioned sunscreen as a protective strategy, 36% (95% CI = 25-47%) of healthy and 27% (95% CI = 10-44%) of immunocompromised individuals reported daily use of the products. Of participants who mentioned protective clothing, 62% (95% CI = 46-78%) of healthy and 47% (95% CI = 22-72%) of immunocompromised participants used this clothing every day (Figure 1 ).
Participants were then asked to rate their adherence to any of the recommended skin cancer strategies as poor, average, or good. Then the self-rating was compared with how many strategies each participant was able to name. Participants who were aware of two or more strategies had the best self-rating of use of those strategies. Sixty-four percent (95% CI = 59-69%) of responders who mentioned two or more skin cancer prevention strategies rated their current use of those strategies as good and 5% (95% CI = 3-7%) as poor; 50% (95% CI = 43-57%) of those who mentioned one strategy rated themselves as good and 13% (95% CI = 8-18%) as poor. Participants who were able to name only one strategy had a lower percentage of a good self-rating and higher percentage of a poor self-rating than those who were familiar with multiple strategies (Figure 2 ). 
Participants without prior NMSC had a slightly higher likelihood of sunscreen use (56% vs 44%) and a lower likelihood of clothing and hat use than those with recurrent disease. Participants with longer outdoor occupation activity did not have a higher percentage of protective behaviors (Table 4 ).
Barriers to Use
The most commonly cited reason for not using sunscreen was messiness of application. Of participants with no current sunscreen use (n = 21), 52% (n = 11) said it was too messy and oily, followed by 24% (n = 5) not being sure that it works. Of participants who mentioned wearing protective clothing as a skin cancer prevention method (n = 49), 57% did not wear the clothing because they believed they would be too hot if their skin was covered while outside in the sun (Figure 3 ).
Discussion
Our single-center prospective cohort study revealed suboptimal knowledge and use of sun-protective strategies in patients undergoing Mohs micrographic surgery for NMSC, including those with immunosuppression. Multiple barriers to effective sun protection were identified, namely conflicting sources of information, inadequate patient education, expensive products, and difficult application. Patients may be exposed to conflicting information regarding the safety and efficacy of sunscreens and other protective strategies from the Internet and media sources. Approximately half of our patients used these resources to find information on skin cancer and prevention strategies. Given that a high proportion of medical websites contain notable inaccuracies and omissions, patients may encounter confusing or misleading information that dissuade them from proper sun protection. 20, 21 Moreover, in the United States, an analysis of skin cancer-related articles between 1979 and 2003 found that the articles tended to focus less on important educational information such as prevention and self-detection and more on treatment, leaving readers uninformed about the important primary prevention behaviors. 22 A significant portion of patients believed that sunscreens were ineffective, which may contribute to the low rate of their use. Accurate and comprehensive patient education will improve sun protection in atrisk patients. Patients in our study who could cite two or more sun protection strategies were more likely to practice at least one of those strategies daily. Although sunscreen is the most frequently taught strategy, it is also the least used because of cost, difficulty of application, and conflicting data on effectiveness. On the other hand, even though fewer patients were educated on wearing hats, those who were aware of them used hats more consistently than any other protective strategies. Cost and ease of use can affect the rate of use of sun-protective strategies and thus should be taken into account when discussing these strategies with patients. To close the gap between knowledge and practice, counseling on sun safety strategies should be targeted to fit the age, socioeconomic status, and lifestyle of each patient. Our study results show that older individuals prefer protective clothing to sunscreen use, whereas younger people may need more counseling on decreasing exposure to artificial UV in tanning booths and increasing sunscreen use in daily moisturizers and cosmetics.
Our results concur with prior studies showing that knowledge regarding skin cancer preventative strategies remains limited. 23 There is still a signifi-cant gap in knowledge about skin cancer and its prevention, even in patients diagnosed with and undergoing treatment for the disease. Therefore, one cannot assume that these patients have already had adequate education about skin cancer prevention. All providers must reintroduce and reinforce the message of skin cancer prevention at every healthcare encounter for it to be effective.
Our data also suggest that immunosuppressed patients do not have better knowledge or a higher rate of use of sun-protective strategies despite having a significantly greater risk of skin cancer. These findings are consistent with prior studies showing minimal change in sun-protective behavior in patients before and after organ transplantation. A higher proportion of immunosuppressed patients cited their physicians as a main source of knowledge on skin cancer and sun protection than of healthy individuals, possibly reflecting more-frequent encounters with healthcare providers and more patient education by those physicians. Our results illustrate that immunosuppressed individuals are better at recognizing skin cancer and are more informed than their healthy counterparts on skin self-examination. A multifactorial education approach is necessary to increase adherence to preventive strategies of immunosuppressed patients. A previous study by Glanz and colleagues showed that providing personalized feedback and risk assessments to individuals at high risk of developing skin cancer was related to better sun-protective behavior than receiving general skin preventive materials alone. 24 Hence, immunosuppressed patients will likely benefit from an early, intensive, Ancillary staff, nurses, and medical students can often assist with routine sun-protection discussions with patients. Given that a significant portion of participants identified media as a prominent source of knowledge, incorporation of online guidelines that clearly describe skin cancer risks and preventive strategies can save time during office visits and can improve patient adherence over time.
Our study design was a cross-sectional analysis of patients at a single academic center with a wide referral network from multiple disciplines. We had a good representation of immunosuppressed patients, with a slight sex discrepancy of more men than women, reflecting the general epidemiology of NMSC, with men having a two to three times greater rate of NMSC than women. 25 The immunocompromised status of our participants was not validated with a chart review. Therefore, if patients failed to identify themselves as immunocompromised, the misclassification could have biased our data toward the null (failure to detect significant differences between the healthy and immunocompromised groups). Patients in this cohort may also have had more healthcare encounters and thus more opportunities for patient education given the referral system and metropolitan setting of our institution.
National cancer surveys have demonstrated a "north-south gradient" of increasing incidence of cutaneous SCC (CSCC) in the United States. 26 Based on UV index climatological means, San Diego, with a UV index mean of 7 or greater, is grouped with the southern and central United States, which have been found to have a higher incidence of CSCC than the northern United States. With this background of sun exposure, our cohort may have a higher history of prior NMSC than patients from the northern states.
In addition, we may also have a higher percentage of patients with outdoor occupations and leisure activities, although our results show that having prior NMSC does not increase protective behavior, and the same held true for people with outdoor occupations. Thus, although our cohort may have had a higher baseline of participants with recurrent NMSC and outdoor occupations, we did not anticipate a significant difference in protective behaviors in either subgroup from the general population. As residents of San Diego, our participants may have been exposed to more sun-protective education than residents of other, lower, UV index regions. Thus, our data may overestimate knowledge and possibly use compared with studies in areas with lower sun exposure and lower incidence of NMSC. Nevertheless, our data demonstrate a clear and significant gap in knowledge despite this potential bias.
In future studies, we plan to expand our analysis to include questions regarding the attitudes toward and concerns of patients about skin cancer, which can influence preventive behavior. Future research is necessary to develop skin cancer prevention educational tools that are easy to implement, effective in bridging gaps in patient knowledge, and able to improve patient adherence to sun protective strategies.
